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Abstract
The goal of the article is to identify the influence of geometri-
cal parameters of the axial inlet device, presence of its walls 
rotation and the pump flow rate on components of the absolute 
velocity distribution at the impeller inlet.
A numerical simulation in the software ANSYS CFX and anal-
ysis of liquid flow structure of a double entry centrifugal pump 
were carried out. The axial inlet device is shaped by cylindrical 
and diffuser section, which includes fairing in front of the impel-
ler. Four models of the axial inlet casing were researched.
In the analyzed variants of geometry of the axial inlet device, 
structure of absolute velocity distribution component is simi-
lar. Rotational speed of 1450 rpm of the rotational walls of the 
axial inlet device compared to fixed walls affects the change 
of distribution of an axial component of the absolute velocity 
more than circumferential. Introduction of sudden expansion 
at the impeller inlet reduces the average value of the circum-
ferential velocity and improves the axial velocity components 
distribution. Maximum and average value of the axial compo-
nent of the absolute velocity and its unevenness in cross-sec-
tion of the intake reduces while reducing the pump flow rate.
Keywords
centrifugal pump, inlet nozzle, suction casing, inlet flow 
structure, CFD
1 Introduction
A pump design provides an optimal configuration of its 
flowing part to provide necessary operating parameters with 
the highest possible level of efficiency. One of the main ele-
ments of a pump, which affects the efficiency of its operating 
process, is inlet casing. Its design affects the value of hydraulic 
losses and forms a flow structure at the outlet of inlet casing. 
Its uneven distribution in a cross-section at the impeller inlet 
leads to various directions of fluid along blades leading edge. 
As a result, there is an uneven distribution of fluid pressure 
at the impeller inlet, which affects the formation of vortices. 
This impairs efficiency and cavitation performance of the pump 
and causes vibration [1]. 
Many scientists conducted researches of a structure of fluid 
flow at the impeller inlet. There are quite interesting works 
of some authors. Karapuzova [2] analyzed various designs of 
combined semi-volute inlet casing and determined that the cir-
cumferential component of the absolute velocity significantly 
increases on the periphery of a cross-section at the impeller 
inlet but axial reduces. Elin et al. [3] explored distribution of 
the velocities and pressures at the impeller inlet. The authors 
obtained good quantitative and qualitative convergence results 
of the numerical simulation of the flow structure at the inlet 
casing with experimental data. Lipej and Mitrushevski [4] ana-
lyzed the liquid flow structure in the inlet casing in the dou-
ble entry centrifugal pump in the range of patrload operation. 
The authors investigated an uneven distribution of the axial 
component of the absolute velocity at the impeller inlet. Type 
(cross-sectional shape) of inlet casing also affects the flow 
structure. Song et al. [5] discovered that flat inlet elbow forms 
a less circumferential component of absolute velocity of a flow 
compared to asymmetric inlet casing and the large radius elbow. 
Rudolf and Klas [6] studied a vortex flow structure at the inlet of 
the vertical submersible pump, which pumped fluid from open 
water, and found that the uneven absolute velocity distribution 
increases with rise of the flow rate.
Stepanof [7] considers that the best option of the inlet device 
is a straight axial converging tube. It stabilizes the fluid flow 
and provides its delivery with a uniform axial component of 
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the absolute velocity in the flow cross-section. The flow struc-
ture in such an inlet casing in the overhung single stage pumps 
is analyzed in articles [8-11]. The authors found little uneven 
distribution of components of the absolute velocity with an 
increasing radius of a flow cross-section. Zhang et al. [12] dis-
covered a swirling liquid flow structure in the whole volume 
of an inlet casing, the direction of which coincides with the 
direction of rotation impeller. Lei et al. [13] investigated influ-
ence of guide blades on a flow structure. A positive pre-whirl 
reduces the area of reverse flow and uneven distribution of the 
absolute velocity components. A negative pre-whirl increases 
the area of the reverse flow and uneven distribution of the 
absolute velocity components. 
Analysis of the literature shows that little attention is paid 
to the analysis of the liquid flow structure in the axial inlet 
device with diffuser section. However, Rosa and Pinho [14] 
rated pressure loss coefficient in axially symmetric diffuser 
Csizmadia and Hos [15] determined loss coefficient of friction 
for the Non-Newtonian fluids that flowed through the diffuser.
Most reviewed papers analyzed the influence of shape or size 
of the inlet device on the flow structure, including the direction 
and magnitude of the circumferential and axial components 
of the absolute velocity. However, they do not show the flow 
structure dependence on the rotation of the inlet device walls. 
Consideration of the influence of this factor on the liquid flow 
structure at the impeller inlet device could improve operating 
process of pump. Consequently, the life cycle cost of the pump 
will be reduced. Thus, the main goal of the work is to identify: 
the influence of the geometrical parameters of the axial inlet 
device, rotating speed of the inlet walls and the change of the 
pump flow rate on the components of the absolute velocity dis-
tribution at the impeller inlet.
2 Theoretical overview
Theoretical head of a pump impeller is calculated with 
a well-known mathematical expression [1]. That takes into 
account the circumferential velocity of the impeller, the rela-
tive velocity of the fluid flow in the impeller and absolute flow 
velocity. At the impeller inlet, the latter can be represented by 
the following components: circumferential (V
1u
), axial (V
1a
) and 
radial (V
1r
) (Fig. 1). Their size and direction affect the quan-
tity of a head. More often, for determining the theoretical head 
Euler equation is used [1], which directly takes into account the 
influence of circumferential component of absolute velocity on 
the pump head. In general, the average value of the velocities 
or their components in the cross section is used to simplify the 
theoretical and practical calculations [6]. This makes a constant 
error in calculation results. However, the influence of the inlet 
device on the flow structure can be estimated by a coefficient of 
non-uniformity for the field of axial velocity.
Fig. 1 Composites of absolute velocity of the liquid in the cross-section at the 
impeller inlet (rn and R0 – hub and impeller eye radius respectively)
The flow swirl factor at the impeller inlet can be defined as [2]:
µτ = ⋅
⋅V r
Q
Du q
1
where V ru1 ⋅  is the averaged velocity moment in the plane;
Dq is the equivalent diameter of the impeller inlet:
D D dq n= −0
2 2
Q is the flow rate.
The coefficient of non-uniformity for the field of the axial 
velocity [2]:
χ
ρ
=
⋅
2
1
2
K
V
n
a
where Kn is the average kinetic energy of 1 kg of liquid at the out-
let section of the inlet casing for the axial velocity component:
K
Q
V
dFn
a
F
= ⋅
⋅
∫
1
2
1
3ρ
ρ  is the fluid density;
V a1  is the averaged axial absolute velocity component in the 
cross-section;
F is the cross-sectional area.
3 Materials and methods
To determine the liquid flow structure in the axial inlet 
device of the double entry centrifugal pump the numerical sim-
ulation of the operating process was made. The pump parame-
ters were design flow rate Q
nom
 = 25 m3/h, design head H = 12 
m, rotational speed n = 1450 rpm, specific speed nq = 13, impel-
ler outer diameter D
2
 = 0.202 m.
The pump axial inlet device is simultaneously the hollow 
shaft of the hermetic canned motor pump. The inlet device 
is shaped as a cylindrical and diffuser section in front of the 
impeller, which includes fairing (Fig. 2a).
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Fig. 2 Scheme of the axial inlet device:  
 a) geometric parameters; b) models schemes
The numerical simulation of the fluid flow was conducted for 
4 axial inlet device models (Fig. 2b). The diameter of the cylin-
drical section d and the inlet D are 45 mm and 65 mm respec-
tively. The length of rotational wall of the axial inlet device is L 
= 227 mm. The impeller eye diameter is D
0
 = 75 mm. The length 
of the fairing (l
f
) and the diffuser section of the axial inlet device 
(ldif), external (Dout) and internal (dout) diameter of the outlet of 
the diffuser section are shown in Table 1. Axial dimensions of 
the pump housing limit the inlet device dimensions.
A solid model of a fluid computational domain of the double 
entry centrifugal pump includes the inlet pipe, the outlet pipe, 
the axial inlet device, the impeller and the annular casing with 
guide vanes (Fig. 3a). The numerical model was simplified 
by assumption of neglecting of the leakage between the front 
shroud and the pump casing. Also, symmetry flow relative to the 
impeller of the double entry centrifugal pump was considered. 
This reduces complexity and increases the speed of calculation. 
Table 1 Geometrical parameters of the axial inlet device
Model
№1 №2 №3 №4
Dout (mm) 75 75 75 71
dout (mm) 41 41 40 40
l
dif
 (mm) 40 50 50 50
l
f
 (mm) 27 37 37 37
Fig. 3 Example of the mesh: а) calculation area of pump flowing part:  1 – 
axial inlet device, 2 – impeller, 3 – annular casing; b) diffuser section of the 
axial inlet device fluid domain
An unstructured mesh was generated using software ICEM-
CFD (Fig. 3). Elements size was selected via mesh indepen-
dence research. Layers of prismatic elements were created near 
solid walls in the boundary layer, (Fig. 3b). The total number 
of elements of the pump flowing part is 4.4 million. The inlet 
device, the impeller and the annular casing contain 0.97 mln, 
1.76 mln and 1.67 mln of elements respectively. 
The numerical simulation of the fluid flow in the flowing part 
of the pump was conducted using the software ANSYS CFX at 
the stationary setting and with the standard k-ε turbulence model. 
Boundary conditions were set as inlet –the mass flow rate, out-
put – the static pressure. The numerical calculations were carried 
out for a range of the flow rate (0.6 – 1.2) Q
nom
. Working fluid 
was water at temperature 25˚C. The roughness of the inlet device 
surfaces adopted is 6.3 microns. The value of Y+ for solid walls 
is below 60, which is suitable for the chosen model of turbulence.
4 Numerical simulation and analysis
The results of the numerical simulation identify the fluid 
flow structure in the pump axial inlet device. Visualization of 
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research results of flow indicates the nature of the distribution 
of absolute velocity vectors in the longitudinal (Fig. 4) and 
cross (Fig. 5) sections of axial inlet device. 
Near the fairing, the axial component of the absolute velocity 
is predominant and on the periphery – circumferential compo-
nent. This is caused by the backflow in the impeller inlet, which 
is created by the blade angle at the inlet, as well as the diffuser 
section of the axial inlet device. There is a logical reduction 
in absolute speed near the walls of the diffuser section and the 
stagnant zone [1]. In addition, fairing divides the flow in the 
middle and causes growth of the axial component of the abso-
lute velocity. The impeller and rotary motion of the axial inlet 
device walls influence the liquid flow swirl in the peripheral 
zone. Model №4 has less stagnant zone due to a sudden expan-
sion. As a result, the zone of low velocity near the walls of the 
diffuser section becomes longer.
To compare the absolute velocity distribution of the fluid 
flow structure three cross-sections A, B and C were selected 
(Fig. 2a). The distance from the cross section B to the cross sec-
tion A and C are 4 mm and 7 mm respectively. The cross sec-
tion A is located in the impeller eye, the cross-section B – at the 
impeller inlet and the cross section C – at the beginning of the 
stagnant zone. Analysis of the velocity distribution confirms 
the significant reduction of the circumferential velocity com-
ponent in the cross sections with its distance from the impeller 
(Fig. 5). This is caused by the decrease of the impact of the 
impeller on the swirl of the flow.
Since the inlet casing geometry is axisymmetric, flow is also 
considered axisymmetric. This is confirmed by the picture of 
vectors of absolute velocity distribution in the cross sections 
(Fig. 5). Therefore, analysis of varying the absolute velocity 
components is conducted along one of the positions of the 
selected radius in the cross-sections.
The analysis of averages of the absolute velocity compo-
nents along the radius shows little alteration, which depends on 
the change of the axial intake geometric dimensions (Table 2). 
Introduction of the sudden expansion in the model №4 is caus-
ing reduction circumferential component by 19% and growth 
axial by 2.6%. In addition, the average and maximum values of 
the radial component of absolute velocity are much lower than 
the other two components. 
To compare the distribution of absolute velocity compo-
nents the diagrams in the different cross sections were prepared 
(Fig. 6–9). For ease of comparison, the value of velocity com-
ponents and radii were presented in relative terms according to 
their average (V
(ave)
)  and maximum (R
max
) value in the relevant 
cross-section. Also, all cross-sectional areas are divided into 
two circular zones: zone 1 covers the area of fluid flow to 0.75 
R
max
 and zone 2 covers the area in the range (0.75 – 1) R
max
.
Generally, the distribution of absolute velocity components 
is similar in comparison to all models at the cross section B 
(Fig. 6). There are significant differences in the diagrams of 
Fig. 4 Absolute velocity distribution at the longitudinal section of the 
diffuser section of the axial inlet device flow: a) model №1; b) model 
№2; c) model №3; d) model №4
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the model №4 in zone 2 (Fig. 6a). In the range (0.75–0.9) R
max
 
relative magnitude of the circumferential component is 1/10 
times smaller than in other models. In the range (0.9–1.0) R
max
 
relative magnitude of the circumferential component is almost 
4 times bigger than the average value. The reason for this divi-
sion is the sudden expansion of the outlet of the axial inlet 
device that isolates stagnant zone. In this zone on the periph-
ery of the cross-section, there is almost no reverse direction 
of the fluid (Fig. 6 b). In zone 1 the vectors of the radial com-
ponent are directed toward the periphery, which is caused by 
the fairing shape, and in the zone 2 – the direction is opposite, 
probably due to the rising circumferential component of the 
absolute velocity and the effect of the wall (Fig. 6 c). A sig-
nificant increase of the relative value of the radial component 
of absolute velocity in the model №2 is explained by the low 
mean value close to zero (Table 2) and the course of the curve 
should be treated as nocompariable. 
The comparison of the diagrams of absolute velocity com-
ponents distribution in the model №3 in the cross-sections A, 
B and C (Fig. 7) indicates the changing of the flow structure. 
Fig. 6 Diagram of absolute velocity components distribution in the cross-
section B at the flow rate Q
nom
: a) Circumferential velocity component;  
b) Axial velocity component; c) Radial velocity component
Fig. 5 Absolute velocity distribution of the flow at the model №3 
a) cross section А; b) cross-section В; c) cross section С
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Velocity distributions in the cross sections A and B are quali-
tatively the same and quantitatively similar. The distribution 
component of absolute velocity in the cross-section C depends 
only on the rotation of the walls of the axial inlet device. 
Therefore, the average circumferential component of the abso-
lute velocity in this cross section is three times smaller than 
in other cross-sections. In addition, the direction of the axial 
component of the absolute velocity is not reversed. The vector 
of the radial component of the absolute velocity has a preferred 
direction towards the periphery (Fig. 7c). The reason of this is 
the presence of fairing.
At the outlet of the diffuser section, fluid is swirled by the 
impeller and circumferential component of absolute velocity 
increases similar to the situation described in [6, 11]. Moreover, 
the uneven distribution of the absolute velocity vectors increases.
The comparison of the diagrams of absolute velocity com-
ponents distribution in the models №3 and №4 in the cross-sec-
tion B in models with rotational and motionless inlet walls 
(Fig. 8) indicate that distribution is qualitatively similar except 
the top of zone 2 (region (0.9–1.0) R
max
). In the region (0.75–
0.9) R
max
 of zone 2, the values of the circumferential compo-
nent of absolute velocity in the model №4 are smaller than in 
the model №3 by 10–15%. It is also explained by the sudden 
expansion at the outlet of the diffuser section. In addition, the 
uneven distribution of radial component in zone 2 in the model 
№4 is observed. The cause of this is changing of the flow direc-
tion in the area of the sudden expansion. 
The flow swirl factor for the models №1, №2 and №3 in 
the cross-section B are similar to each other in the model with 
the rotation inlet walls (Table. 3). Also, it is similar to each 
other in the case of motionless inlet walls. The rotation inlet 
walls cause the growth of the flow swirl factors 4–5 times for 
models №1, №2 and №3. It is 185% and 12% bigger for the 
model №4 than for the model №3 respectively for rotational 
and motionless inlet walls. It could be concluded, that appli-
cation of the sudden expansion increases the size of the swirl 
flow at the impeller inlet. This is due to the growth of veloc-
ity in the stagnant zone on the periphery. The coefficients of 
non-uniformity of the field of axial velocity (χ) for the models 
№1, №2 and №3 are similar. There is minor influence of walls 
rotation. The coefficients grow by 8–9%. The model №4 has a 
much greater coefficient, which characterizes the structure of 
the flow as more uniform. The axial inlet device with rotational 
walls causes the growth of χ factor by 11%.
Fig. 7 Diagram of absolute velocity components distribution in the cross-
sections A, B and C in the model №3 at the flow rate Q
nom
:  
a) Circumferential velocity component;  b) Axial velocity component;  
c) Radial velocity component
Table 2 Average value of absolute velocity components
Velocity component
Model
1 2 3 4
Cross section А
Circumferential (m/s) 1.987 2.018 1.937 1.899
Axial(m/s) 1.212 1.21 1.188 1.186
Radial(m/s) 0.032 0.011 0.073 0.033
Cross section В
Circumferential (m/s) 1.676 1.722 1.654 1.339
Axial (m/s) 1.168 1.168 1.163 1.193
Radial (m/s) 0.07 0.006 0.124 0.114
Cross section С
Circumferential (m/s) 0.545 0.532 0.54 0.357
Axial (m/s) 1.246 1.272 1.19 1.303
Radial (m/s) 0.308 0.174 0.26 0.378
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The comparison of the diagrams of the circumferential and 
the axial components distribution of the absolute velocity in the 
cross section B in the model №3 at flow range (0.6–1.2) Q
nom
 
indicate their dependence on flow changes in the value of 
the flow rate (Fig. 9). The increase of the relative circumfer-
ential component of the absolute velocity in the center of the 
cross-section of the impeller eye and the trend of decline in the 
periphery with a decrease in the value of the flow rate could 
be observed. This is the result of a reduction in the value of 
the absolute velocity axial component and consequently the 
increase of the stagnant zone.
In addition, the growing influence of the impeller (also 
described in [8, 11]) and the effect of rotational walls of the axial 
inlet device forms the flow structure. The average circumferen-
tial component at 0.6 Q
nom
 and 1.2 Q
nom
 respectively is 24% big-
ger and 25% smaller than its value at Q
nom
. Increasing the flow 
rate causes a decrease in the difference between the maximum 
and minimum values of the relative value of the axial component 
of the absolute velocity. Moreover, the intensity of return flow on 
the periphery of the impeller eye is reduced. The average value 
of the axial component at 0.6 Q
nom
 and 1.2 Q
nom
 respectively is 
2.5% bigger and 2.9% smaller than its value for Q
nom
.
Fig. 9 Diagram of absolute velocity components distribution in cross section 
B in the model №3 at flow rate range (0.6–1.2) Q
nom
:  
a) Circumferential velocity component; b) Axial velocity component
Fig. 8 Diagram of absolute velocity components distribution in the cross-
section B in the model №3 and №4 at the rotational speed 1450 rpm (curves 
№3 and  №4) and  0 rpm (curves №03 and  №04) at the flow rate Q
nom
: 
a) Circumferential velocity component;  b) Axial velocity component;  
c) Radial velocity component
Table 3 Coefficiens of the inlet device hydraulic performances
№ Flow swirl factor (μ
τ
)
Coefficient of non-uniformity for 
the field of axial velocity(χ)
0 rpm 1450 rpm 0 rpm 1450 rpm
1 0.027 0.137 0.227 0.249
2 0.033 0.146 0.205 0.222
3 0.021 0.137 0.205 0.222
4 0.06 0.153 0.459 0.511
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5 Conclusion
The results of the numerical simulation of the fluid flow in 
the double entry centrifugal pump are presented in this article. 
Four models of the axial inlet device with rotation and motion-
less inlet walls at the range of the flow rate (0.6–1.2) Q
nom
 have 
been analyzed. 
The change of the geometric dimensions of the diffuser sec-
tion and the fairing at the models №1, №2 and №3 does not 
qualitatively affect the distribution of the components of the 
absolute velocity. Lengthening of the diffuser section and the 
fairing for 25% and 37% respectively in model №2 has led to 
the increase of the average circumferential component of abso-
lute velocity by 2.7% while its axial component is constant. 
The use of cone fairing model №3 causes decrease of the aver-
age value of the angular and the axial components of the abso-
lute velocity by 4% and 0.5% respectively. The analysis of the 
model №4 with the sudden expansion at the outlet of the dif-
fuser section shows changing in the distribution of the circum-
ferential component of the absolute velocity, which increases 
in the periphery, but decreases in the central part of its cross 
section. As a result, its average value is decreased by 19%. 
The rotation of the axial inlet device walls influences the 
change in the distribution of the axial component of the abso-
lute velocity more than on circumferential component. The 
impeller causes growth of the circumferential component of 
the absolute velocity at the outlet of the diffuser section in the 
zone within (0.9–1.0) D
0 
. The backflow in the impeller inlet 
and the design features of the diffuser section and the fairing 
influence on the formation of an uneven distribution of the 
axial component of the absolute velocity. Changes of the aver-
age circumferential component of absolute velocity in average 
are 5.8% and axial - 1.7%, in comparison with the condition of 
non-rotation of walls. 
The reduction of the flow rate at the range from 1.2 Q
nom to 
0.6 Q
nom
 increases the stagnant zone with the rotating motion of 
the liquid flow at the outlet of the diffuser section (in the case 
with rotation inlet walls). Average value of the circumferential 
component of the absolute velocity at the flow rate 0.6 Q
nom
 and 
1.2 Q
nom
 respectively is 24% bigger and 25% smaller than its 
value at the flow rate equaling Q
nom
.
The design of model №4 has the greatest impact on the dis-
tribution of flow velocities at the impeller inlet. It has the high-
est rate of twist. However, the introduction of sudden expansion 
reduces the average value of the circumferential component 
and improves the distribution of the axial component of the 
absolute velocity. 
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